Hypoxia, due to impaired cerebral blood flow, has hazardous effects on brain structure and function. To minimize as much as possible the neurological consequences from hypoxic-ischemic (HI) brain injury, neuro-protective strategies are urgently required. Vitamin E has been shown to have protective effects against cerebral ischemia, possibly due to its anti-oxidant effects. Thirty albino rats, of both sexes, were obtained from the animal house at King Khalid University Hospital, King Saud University. They were divided into three groups; each included 10 animals: Group A was considered as a control one, animals of Group B were subjected to a permanent link to the carotid arteries on both sides and animals of Group C underwent permanent link to carotid arteries on both sides and concomitantly were given Vitamin E as an anti-oxidant. Animals of Group C were injected by Vitamin E (equivalent to 15 mg/day), into the peritoneal cavity as a single dose for a week and after the prescribed period the mice were sacrificed under deep anesthesia and their brains were extracted and prepared for an electron microscopic study of brain tissue. Specimens from animals of Group B showed a large number of neurons that had been deteriorated. Mitochondria were the most affected organelles. There were a large number of dark cells which probably resulted from shrunken nerve cells and exhibited opaque nuclei. The number of affected nerve cells was much lower in brain tissues from animals of the Group C which revealed absence of dark cells. The study did not disclose any similar changes in brain tissues of the control group animals. Our results suggested that treatment with Vitamin E after hypoxia-ischemia led to a neuro-protective effect that appeared in reduction of cell death of neurons. Thus, the present study provides an evidence that Vitamin E protects the brain tissue of the consequences of hypoxia caused by ischemia in the tested experimental animals. It could be recommended in the treatment of cerebrovascular stroke and neurodegenerative diseases.
Introduction
Integrity of the brain depends on blood supply of continuous oxygen and glucose to meet energy demand in the tissues. Cerebral hypoxia refers to deprivation of oxygen supply to brain tissue. It can cause reversible confusion and fainting.
When the flow of blood to brain tissue is interrupted, injury ensues from lack of oxygenation and then from subsequent re-oxygenation (ischemia-reperfusion) [1] .
Within brain, oxygen free radicals impair capillary endothelium that maintain water and electrolyte homeostasis, alter membrane fluidity characteristics and contribute to synaptic damage. Because brain has a high concentration of polyunsaturated fatty acids, it is very susceptible to injury by lipid peroxidation.
Following injury, astrocytes appear to exercise a neuroprotective effect by expressing antioxidant enzymes. Intrinsic defense mechanisms may not be sufficient, however, to meet the acute demands of oxidant stress induced byischemia/reperfusion [2] . In experimental models, pretreatment with alpha-tocopherol has been shown to attenuate lipid peroxidation during reperfusion.
It would be of interest to examine the progression of neuronal injury that occurred after a brief interruption of blood flow to the brain and define the changes associated with cerebral ischemia and reperfusion, to identify capa-ble therapies that would modify the extent of neuronal damage [3] .
Such an investigation seems to be highly important in the clinic because if the flow interruption is not reversed during the first hour the cells within the most severely ischemic region will inevitably die [4] . Because there is a narrow therapeutical window after cerebral ischemia to reverse or interfere with the progression of neuronal damage the search for effective agents capable of reducing the progression of neuronal injury occurring after ischemia further supports the research. According to this purpose, the present study was undertaken to determine the effectiveness of several agents, including antioxidants, in alleviating cell injury that followed the withdrawal of metabolic inhibitors, tomimic neuronal reperfusion after situations of hypoxia, hypoglycemia or ischemia.
Hypoxia is a critical factor in brain ischemia more than any other organ of the body. The combination of hypoxia to ischemia may trigger pathological events. The reduction of cerebral blood flow in conjunction with hypoxia may induce spontaneous thrombus formation which reduces blood perfusion further [5] .
According to reference [6] it was found that the vascular adhesion induced by hypoxia and re-oxygenation was increased leading to further impairment of the condition compared with that in normal oxygen concentrations. Antioxidants protect lipids from peroxidation by free radicals through giving up their own electrons to the free radicals. When a free radical gains the electron from an antioxidant, it no longer needs to attack the cell and the chain reaction of oxidation is broken.
According to references [7] [8] [9] and [10] antioxidants inhibit re-oxygenation injury, and minimize neuronal damage. The human body has an antioxidant defense system there are two lines of antioxidant defense within the cell; the first line is found in the fat-soluble cellular membrane consisting of Vitamin E, beta-carotene and coenzyme Q; of these Vitamin E is considered the most potent chain breaking antioxidant within the membrane of the cell. The second line is found inside the cell; the water soluble antioxidant scavengers include Vitamin C, glutathione peroxidase, superoxide dismutase.
Vitamin E (a-tocopherol) has also shown promise in modifying oxidative stress pathways and improving neurological outcome in many animal studies. In an animal head-injury study, administration of Vitamin E caused a neuro-protective effect by decreasing the rate of lipid peroxidation [11] .
There are two families of fat-soluble compounds, the tocopherols and the tocotrienols constitute Vitamin E. Alpha-tocopherol is the most biologically active of these compounds. Natural occurring-tocopherol is found only in the D isomer, while synthetic tocopherol is a racemic mixture of the D and L isomers, with approximately 75% of the biologic activity of the pure D-tocopherol. One milligram of the racemic form is the equivalent of one IU of Vitamin E activity. The primary dietary source of Vitamin E is vegetable oil, specially soybean, corn, safflower and cottonseed oil. It is also found in wheat germ, nuts and green leafy vegetables.
Vitamin E is found naturally in some foods, added to others, and available as a dietary supplement. "Vitamin E" is the collective name for a group of fat-soluble compounds with distinctive antioxidant activities, naturally occurring Vitamin E exists in eight chemical forms (alpha-, beta-, gamma-, and delta-tocopherol and alpha-, beta-, gamma-, and delta-tocotrienol) [12] .
According to Leonarduzzi et al., (2010) [13] alphatocopherol is the most potent antioxidant that acts upon cell membranes and has the ability to neutralize compounds which may potentially disrupt membrane stability. Alpha-tocopherol is the only form that is recognized to meet human requirements.
Reference [14] discusses that as Vitamin E is the major lipophilic antioxidant in the brain and this implies its efficacy as an antioxidant against oxidative stress underlies the molecular pathogenesis of neural disorders. This signifies the importance of Vitamin E in neuro-inflammatory conditions.
The present study aims to evaluate the role of Vitamin E as an antioxidant in protection of brain tissue against experimentally induced ischemia.
Materials and Methods
Thirty Wistar albino rats of either sex, procured from the colony at the King Khalid University Hospital, King Saud University, were caged and kept on a 12-hour light/dark schedule. They were fed with a standard laboratory diet and tap water and housed in cages (seven rats per cage). All experiments were carried out according to recommendation of King Saud University of Experimental Animals Ethics Committee which is matched with international ethics for handling of experimental animals.
Experimental Design
All animals were divided equally into three groups. Each group consisted of ten rats. Group B underwent permanent bilateral carotid ligation. Group C underwent permanent bilateral carotid ligation with concomitant administration of Vitamin E as antioxidant, and Group A served as control. Group C animals were injected with Vitamin E (equivalent to 15 mg/day) intra-peritonealy as a single dose for one week. The animals of Groups B & C were anesthetized, the neck was incised in the midline, and the common carotid arteries were ligated with 4-0 silk suture and severed between sutures bilaterally. Total time of the surgery never exceeded 7 minutes. Approxi-
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Electron Microscopy
The obtained cerebral tissues were diced into proper sized pieces (1mm cubes) and immediately fixed in buffered 2.5% glutaraldehyde (phosphate buffer, pH 7.2) for at least 6 hrs. The tissue specimens were then post fixed in 1% osmium tetroxide (OSO 4 ) and subsequently dehydrated in graded ethanol series. After infiltration with resin mixture (Epon: Araldite mixture), the tissue specimens were embedded. Ultra-thin sections (70 -80 nm thickness) were prepared and contrasted with uranyl acetate and lead citrate, and finally examined and photographed under transmission electron microscopy (TEM) (JEOL, 1010 TEM).
Results
The cerebral hemispheres of animals of each group looked macroscopically normal. The present ultrastructural study of animals of the control group; Group A, showed normal neurons which exhibited normal distribution of nuclear chromatin and intact nuclear membrane. The cytoplasmic organelles were investigated and seen with normal profiles together with intact neuronal nerve fibers (Figures 1 and 2) . It was observed that bilateral carotid ligation induced ultrastructural changes in animals of Group B. The striking lesions were consistently found in the neuronal cell bodies. The cytopathological changes seen in brain tis- sues of animals of this group consisted primarily of a degenerative reaction affecting the cytoplasmic compartment of some neuronal cell somas, represented by shrunken electron-dense ischemic neurons (Figure 3) .
In such nerve cells, both the cytoplasm and nucleoplasm were uniformly dense and dark stained, accompanied by an increased number of lysosomes and lipofuscin pigments (Figures 4 and 5) . It was, in addition, readily confirmed that the mitochondria were much affected in some of brain specimens of animals of this group; some were appeared elongated, condensed and their membranes assumed a thickened dark compact appearance ( Figure  6 ). In other ultrathin sections, the mitochondria were shown to be swollen and typically displayed a small spherical profile (Figures 6 and 7 ). An outstanding feature of the edematous neural degenerative reaction was, in addition, obvious in the dissolution of the endoplasmic reticular system with formation of vacuoles bounded by rough membranes and disaggregated polysomes (Figure 6 ).
In the specimens of animals of Group C (treated by Vitamin E), the signs of neuronal edematous degeneration were not much pronounced. The mitochondria appeared less swollen, the rER appeared with normal profile and the nucleus presented with less clumping of chromatin (Figures 8 and 9 ).
Discussion
Ischemia is defined as a severe reduction or blockage of blood flow and is a pathophysiological event that causes cerebral damage [15] . Although the precise mechanism responsible for ischemic brain damage is still unclear, a number of interconnecting biochemical events appear to be involved, such as energy depletion, cellular acidosis, ion homeostasis breakdown, Ca 2+ influx and activation of phospholipasesand proteases [15] . Most of these events are accompanied by generation of oxygen free radicals, thus oxidative stress is an important mechanism of brain injury [16, 17] .
The present study demonstrated ultrastructural changes in brain tissues of animals subjected to permanent bilateral carotid ligation. The dark cells observed in this experimental group of animals were most probably apoptotic neuronal cells. Furthermore, marked neuronal cell degeneration was also noticed in animals of this group. The results of this study are in accordance with Edinger [18] and Tsujimoto and Shimizu (2004) [19] and Faisal et al. (2006) [20] who reported vacuolization and extensive lysis of cytoplasmic contents in the damaged neuronal cells, suggesting induction of an autophagic-lysosomal compartment of programmed cell death. Reference [21] concluded that cerebral ischemia may result in the formation of apoptotic bodies, which supports the obtained results in the present study.
Cessation or severe reduction of blood flow results in almost permanent functional deficits which become rapidly irreversible unless blood flow is promptly restored [22] . Regional oxygen is increased in the beginning of cerebral ischemia, compensating for reduction of cerebral blood flow (CBF), to maintain the cerebral metabolic rate of oxygen close to the normal value [23] . Subsequently, there is a reduction of oxygen and cerebral metabolic rate of oxygen which indicates imminent infarction [24] . These results indicate decreased oxygen metabolism and suggest that hypoxia modulates the fate of ischemic tissues.
A potential consequence of ischemia-hypoxia is autophagy (self-eating), which involves the formation of autophagosomes and autophagolysosomes in degrading cellular constituents for energy production in response to nutrient deprivation [25] . Although autophagy is generally a cell survival mechanism, massive autophagy is associated with cell death [26] . Reference [20] postulate that the combination of ischemia and hypoxia accelerates an energy crisis and precipitates autophagy. References [27] and [28] described that reperfusion of the brain following hypoxia-ischemia leads to the production of oxygen free radicals which attack polyunsaturated fatty acids, leading to membrane lipid peroxidation. The susceptibility of brain to hypoxia depends on the levels of antioxidant enzymes and polyunsaturated fatty acids. Reference [29] suggested that increased concentrations of "oxygen radicals" in the ischemic tissue initiate destructive chain reactions. He also postulated that Vitamin E was thought to be scavenger of active oxygen radicals.
Cerebral ischemia followed by oxygen reperfusion induced apoptosis in hippocampal neurons in stroke-prone spontaneously hypertensive rats (SHRSP) but not in Wistar Kyoto rats [30] . Oxygen radicals were involved in reoxygenation injury after hypoxia in hippocampal slices. Vitamin E inhibited the reoxygenation injury in cultured cortical neurons. In addition, the temporal cortices in Alzheimer's disease have increased sensitivity to oxygen radicals, and Vitamin E slowed the progression of the disease [30] .
Unlike the fine structural changes observed in brain tissues of specimens of animals of Group B (subjected to bilateral carotid ligation), the specimens of animals of Group C (treated with Vitamin E) showed intact nuclear membranes of neurons, normal distribution of neuronal nuclear chromatin, more or less intact mitochondria and non-dilated rough endoplasmic reticulum. According to Tagami et al., 1999 [30] Vitamin E reacts with the radi-E. E. A. SALAMA ET AL.
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The normal cells apoptosis in the present study may be explained by the suggestion of Franz et al. (2003) [31] that the oxidative stress built up upon re-oxygenation may subsequently trigger apoptosis and the presence of antioxidant therefore protect such cells from re-oxygenation induced apoptosis.
Cerebral ischemia followed by overproduction of oxygen-free radicals is implicated in re-oxygenation injury after hypoxia. Antioxidants including Vitamin E react with the radicals and inhibit re-oxygenation injury; thereby preventing apoptosis and necrosis and appear to be the most important agent in limiting free oxygen radical damage in cortical neurons [30] . Vitamin E stops the production of reactive oxygen species (ROS) formed when fat undergoes oxidation. It is under investigation whether, by limiting free-radical production and possibly through other mechanisms, Vitamin E might help to prevent or delay the chronic diseases associated with free radicals [32] . Reference [33] emphasized the relation between cerebral ischemia and delayed neuronal death, and the beneficial antioxidant effects of Vitamin E on attenuating the deleterious consequences of oxidative stress in ischemia.
The present results are in accordance with the conclusion of Ernest et al. (1998) [28] , that Vitamin E (α-tocopherol) is the most important lipid-soluble anti-oxidant, that protect the brain from free radical damage.
One potential pathological event in cerebral ischemia is hypoxia-induced fibrin deposition that results from altered anti-coagulant properties of endothelial cells [34, 35] Thus, The induced microvascular thrombosis may also prevent cerebral reperfusion after the release of the large artery occlusion [5] . Vitamin E makes endothelial cells lining the interior surface of blood vessels better able to resist blood-cell components adhering to this surface. Vitamin E also increases the expression of two enzymes that suppress arachidonic acid metabolism, thereby increasing the release of prostacyclin from the endothelium, which, in turn, dilates blood vessels and inhibits platelet aggregation [36] . Therefore, antioxidants appear to be the most important agents in lowering oxygen-free radical damage in cortical neurons.
Conclusively, the present experimental study provides an ultrastructural evidence that Vitamin E protect the brain tissue against the consequences of ischemia-hypoxia which was experimentally induced in the present laboratory animals.
